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Abstract
Background: The relevance of local twitch response (LTR) during dry needling technique (DNT) is controversial,
and it is questioned whether LTR is necessary for successful outcomes. Furthermore, because the LTR during the
deep DNT may be evoked with different intensities, it is unknown whether the magnitude of LTR intensity is
associated with optimal clinical results, especially concerning to the effects of joint maximal range of motion (ROM).
This study aimed to (i) determine whether visual inspections can quantify the LTR intensity during the DNT through
a qualitative ultrasonography scale of LTR intensity (US-LTR scale), and (ii) assess the differences of US-LTR scale
associated with changes in the maximal joint ROM.
Methods: Using a cross-sectional design, seven asymptomatic individuals were treated with DNT in the latent
myofascial trigger point in both medial gastrocnemius muscles. During DNT, three consecutive LTRs were collected.
The US-LTR scale was used to classify the LTRs into strong, medium, and weak intensities. The categories of US-LTR
were differentiated by the velocity of LTRs using the optical flow algorithm. ROM changes in ankle dorsiflexion and
knee extension were assessed before and immediately after DNT.
Results: The US-LTR scale showed the third LTR was significantly smaller than the first one (p < 0.05). A significant
difference in velocity was observed between US-LTR categories (p < 0.001). A significant difference in the ROM was
observed between the strong and weak-medium intensity (p < 0.05).
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Conclusions: The present findings suggest that the LTR intensity can be assessed using a qualitative US-LTR scale,
and the effects of DNT on joint maximal ROM is maximized with higher LTR intensity. This study reports a novel
qualitative method for LTR analysis with potential applications in research and clinical settings. However, further
research is needed to achieve a broader application.
Keywords: Ultrasound, Local Twitch Response, Dry Needling, Range of Motion, Trigger Points

Introduction
The Myofascial trigger points (MTrPs) have been defined as hyperirritable nodules in tense bands of skeletal
muscle that exhibit motor, sensory, and autonomic components and classified as either active or latent [43].
MTrPs have been reported to be prevalent in both
healthy [46] and chronic musculoskeletal pain [6, 35].
The latent MTrPs are defined as a focus of hyperirritability in a muscle taut band that is clinically associated
with local twitch response and tenderness and/or referred pain upon manual examination [16], while active
MTrPs are characterized by spontaneous local and referred pain [16, 21, 40].
The prevalence of latent MTrPs in the lower limb of
asymptomatic people has been reported to be around
78 % [46], whereas the medial gastrocnemius has the
highest prevalence (i.e. 80 %) of latent MTrPs among the
triceps sural muscles [18]. In latent MTrPs, it could also
involve an increase in spontaneous electrical activity,
which can result in a higher H-reflex amplitude, suggesting more active muscle spindle afferents [15]. Although
the latent MTrPs do not cause discomfort, they may
affect the maximal joint range of motion (ROM) [2, 17,
18].
Active and latent MTrPs have been widely treated by
the use of dry needling techniques (DNT) to increase
ROM in healthy individuals and those with neurological
and musculoskeletal disease [1, 2, 13, 14, 28]. DNT consists of partially inserting and withdrawing a needle at
the MTrP site in order to obtain local twitch responses
(LTRs) – i.e. a visible or palpable contraction when a
needle is placed at an MTrP in the involved muscle after
mechanical stimulation. The local twitch response is defined as a spinal cord reflex, resulting in a brief, involuntary muscle fibers contraction [21]. The muscle spindle
excitability may be involved in the pathophysiology of latent MTrP [15]. The mechanical stimulus of DNT and
the associated LTRs may modulate the excitation of
muscle afferents [3, 5, 12]. The LTRs during deep DNT
are assumed to be essential to the effective release of
MTrPs [21, 42]. For instance, the treatment of latent
MTrP (i.e., when local and referred pain is evoked with
direct pressure) has been reported to decrease the resting stiffness of the muscle and improve maximal joint
ROM [21, 40]. However, the relevance of LTRs during
DNT is controversial, and it is questioned whether LTR

is necessary for successful outcomes [31]. Furthermore,
because the LTR during the deep DNT may be evoked
with different intensities (i.e., the velocity of muscle fascicles shortening), it is unknown if LTR intensity is associated with optimal clinical results, especially concerning
maximal joint ROM effects.
To better understand the physiology of LTR, clinical
tools are necessary. For that, ultrasound-guided trigger
point puncture has been proposed to detect LTR, taking
into account that the detection of LTR is not always evident by visual or palpation assessment [34]. However, to
the best of our knowledge no previous studies have reported LTR intensity through an ultrasound guide. This
study aimed to (i) determine whether visual inspections
can quantify the LTR intensity during the DNT through
a qualitative ultrasonography scale of LTR intensity (USLTR scale), and (ii) assess the differences of US-LTR
scale associated with changes in the maximal joint
ROM. We hypothesized that the US-LTR scale is a valid
convergent tool to quantify the intensity of LTR, and a
greater LTR intensity implies a greater maximal ROM
after DNT.

Methods
Participants

Using a cross-sectional and non-probability sampling,
seven healthy young men (age: 28.0 ± 3.1 years; height:
1.76 ± 0.07 m; body mass index: of 24.8 ± 2.9 kg/m2)
were recruited from San José Hospital, Santiago Chile
(employees only). Ethical authorization was obtained
from the Ethics Committee of the Northern Metropolitan Health Service of Santiago, Chile. All participants
agreed to participate in this study and signed an informed consent form. All methods were carried out in
accordance with relevant guidelines and regulations. The
study
was
registered
in
ClinicalTrials.gov
(NCT02824991) and reporting adhered to the STROBE
guidelines.
Inclusion and exclusion criteria

The inclusion criteria were as follows: men between 20
and 50 years of age. The inclusion was limited to only
males to control the potential modulatory role of sex
hormones to muscle stretch reflex [4], as well the potential gender differences of tolerance during stretch maneuvers (see below) [25]. The exclusion criteria were as
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follows: body mass index > 30, history of any signs or
symptoms of musculoskeletal pain in the last 6 months,
pathological conditions of the vertebral column, neurological diseases, respiratory diseases, a systemic rheumatic condition, heritable disorders of connective tissue,
and/or any previous abdominal surgery.
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was inserted into the MTrP to achieve three LTRs. During DNT, three consecutive LTRs were recollected in
each leg (42 L in total). The three LTRs were also confirmed with visual register using the ultrasound by a
local examiner (CCM) [34].
Maximal joint ROM assessment

Dry needling technique procedure

The participants were tested in one session, with a
cross-sectional study design. All measurements were
made in the San José Hospital, Santiago, Chile. The participants received the DNT intervention for the medial
gastrocnemius of both lower limbs (i.e., total of 14 legs),
with a randomized order. Participants lay in a prone
position with the ankle fixed at 90º (i.e., the angle between the lateral border of the foot and horizontal). A
local examiner (CCM) ensured the maintenance of ankle
and knee angle during the DNT intervention. The
localization of latent MTP at the medial gastrocnemius
was identified by determining a palpable and hypersensitive taut band criteria [18, 43]. The ultrasound transducer was then positioned on the MG muscle orientated
according to fascicles direction close to the MTrPs using
a cast composed of a thermoplastic polymer, with
enough space to perform the DNT (Fig. 1A). The deep
DNT was administered by a physical therapist with 3
years of experience (PB) using an acupuncture needle
(0.30 × 50 mm; Huan Qiu, Suzhou, China). The ultrasound video (SonoSite Titan; Sonosite, Bothell, WA,
USA) with a linear transducer (5–10 MHz) was recorded
at 30 Hz and captured through an external capture device from Epiphan Systems Inc. (Ottawa, Ontario,
Canada). According to the perception of the physical
therapist to detect the latent MTrPs and a hypersensitive
tender spot within the taut band, the filament needle

The ankle dorsiflexion and knee extension maximal
ROM were assessed (with a randomized order) before
and immediately after DNT intervention. The same
physical therapist (PB) performed all ROM measurements, who was blinded about the intensities of LTR
collected during the DNT. The ankle dorsiflexion and
knee extension maximal ROM of both lower limbs were
assessed using weight-bearing and active knee extension
test, respectively, as an estimate of medial gastrocnemius
and hamstring extensibility. A universal goniometer
(Baseline, 360° marked in 1° increment; Prestige Medical,
Northridge, CA, USA) was used to perform the joint
ROM testing. Three measurements were performed for
each test, which has shown to have an excellent interrater reliability for the ankle and knee maximal ROM
[10].
For the active knee extension test, the participants
were in a supine position with the contralateral knee extended and the hip in a neutral position and the ipsilateral hip and knee flexed to 90° [45]. A belt was placed
across superior iliac spine to prevent the pelvic and lumbar movement during the testing. Each participant extended the knee to the maximum tolerable ROM. From
there, two lines were draw so the goniometer arms could
be aligned. The first was drawn to the greater trochanter, and the other was drawn to the apex of the lateral
malleolus [19]. For this, 0° was considered the knee in
the full extension position. The active knee extension

Fig. 1 Experimental setup and data normalization. a Filament needle inserted into muscle trigger points while keeping the ultrasound transducer
fixed. b Regions of interest (ROI) positioned on deep aponeurosis. Medial gastrocnemius (MG). c Example of signal velocity of one local
twitch responses
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test using goniometry has been reported to have an excellent inter-rater reliability (ICC = 0.91, with 95 % confidence interval of (0.87–0.93), and minimal detectable
difference of 8 ° [27].
For the weight-bearing ankle dorsiflexion ROM test,
the participants were instructed to keep the knee of the
tested leg extended and then to maximally flex their
tested ankle while keeping their heel on the floor. The
weight-bearing test using an standard goniometer has
been reported to be a valid test to assess the ankle dorsiflexion maximal ROM [38, 41]. A verbal feedback was
given to prevent the excessive pronation of the foot during the maneuver. The stationary arm of the goniometer
was pointed to the proximal head of the fibula, and the
moving arm was placed parallel with the lateral border
of the foot. This test has been reported to have excellent
inter-rater reliability (ICC = 0.96 with, 95 % confidence
interval of 0.91–0.99), and minimal detectable difference
of 4.7 ° [22, 32].
Data processing and classification

Sonographic data was processed using Matlab® scripts
(v2014, Mathworks Inc., Natick, MA, USA). The LTRs
were examined offline by a physical therapist (CCM)
with 5 years of experience in muscle ultrasound imaging.
The Camtasia software (Tech-Smith Corp, Okemos, MI,
USA) was used to select the three LTRs for later analysis. A visual criterion was established to differentiate
muscle movement due to the DNT and LTRs, considering the vertical and horizontal movement in the deep
aponeurosis. It should be noted that when the dry needle
is inserted into the muscle, only a vertical displacement
is produced.
Automatic tracking

The deep aponeurosis was tracked by the Lucas–Kanade
optical flow algorithm with affine optic flow extension
[23]. The LTR intensity was based on velocity of the
deep aponeurosis motion (i.e., Euclidian distance / time
between frames). It should be noted that the magnitude
of muscle fascicles shortening evoked by twitch response
associates to the deep aponeurosis motion [24]. The
deep aponeurosis motion during LTR was considering as
gold standard. The Matlab algorithm used here, by David Young, is available in Matlab Central (https://la.
mathworks.com). The parameters used were a sigma
value of 1 and a sample step of 1. Two regions of interest with a standard size for width (based on the half of
the US image width) and adapted size por height
depended on the thickness of the deep aponeurosis (four
times of deep aponeurosis thickness), were manually selected at the center of the echogram map by including
deep aponeurosis (i.e. hyperechoic line) and its surrounding muscle borders (Fig. 1B), to determine the
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peak velocity during the LTR. The instantaneous rootmean-square via convolution with a window of 500 ms
was used to estimate the velocity (Fig. 1C). The rootmean-square algorithm used here by Scott McKinney is
available in Matlab Central (https://la.mathworks.com).
The maximal velocity between both regions of interest
was determined and considered for the statistical
analysis.
US-LTR scale

After deep aponeurosis motion processing, two raters
with low experience (novices) in ultrasound (RNC and
CT) classified LTR in three intensity categories: weak,
medium, and strong. For this purpose, one rater with
high experience (expert) in ultrasound (CCM) gave an
explanatory session (2 hours) to the novice raters concerning the visual interpretation (in b-mode recordings)
of LTR with different intensities. The instruction was focused on the velocity of the deep aponeurosis. Three
LTR were presented with deep aponeurosis motion velocities of 2.8 mm/s (i.e., weak), 3.3 mm/s (i.e., medium),
and 5.4 mm/s (i.e., strong). The qualitative scale (USLTR) was practiced by the novices in three videos prior
to the analysis. The high and low experienced raters
were blinded to the maximal ROM values after DNT,
and the values of maximal velocity of LTR.
Statistical analysis

All data were analyzed with the SPSS software (v. 22.00
for Windows, IL, USA). The normality of data distribution was evaluated using the Shapiro-Wilk test. To compare the intensities of the three consecutive LTRs
recorded through the US-LTR scale, the Friedman test
and multiple comparisons with Dunn’s correction were
used. The agreement of the US-LTR scale between the
expert and the two novices, and between novices was
evaluated using the Kappa statistic; and the agreement
result was interpreted as none (≤ 0), none or weak agreement (0.01–0.20), fair (0.21–0.40), moderate (0.41–0.60),
substantial (0.61–0.80), and almost perfect (0.81–1.00)
[26]. To compare the velocities between the three consecutive LTRs and the three categories of the US-LTR
scale (i.e., strong, medium, and weak intensities), the
mixed-effect analysis and multiple comparisons with
Bonferroni corrections were used. To compare the prepost effect of DNT on maximal ROM, the paired t-test
was used. To compare the differences in the increased
maximal ROM between the weak-medium and strong
intensities of the first LTR (assessed by the expert), the
unpaired t-test was used. The decision to include only
the first LTR was made based on the assumption that
the intensity of the second and third LTR may decrease
as compared with the initial LTR [3]. The weak-medium
intensities of the first LTR were collapsed, in order to
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Fig. 2 The local twitch response (LTR) intensities. a The qualitative analysis using ultrasonography scale of LTR intensity (US-LTR) among the three
consecutive LTRs. b The quantitative analysis using automatic tracking among the three consecutive LTRs. c LTR velocities between the three
categories of the US-LTR scale. Strong (n = 13), medium (n = 16), and weak (n = 13). Values are means and 95 % confidence intervals. *p < 0.05
and **p < 0.001

compare the same number of legs between groups
(week-medium: n = 7 legs and strong: n = 7 legs). Unpaired testing was conducted to compare groups (weekmedium vs. strong) because only three participants were
members of both groups.
A p-value of < 0.05 was considered statistically significant. The data was expressed as mean and 95 % confidence interval unless stated otherwise. For parametric
comparison, the effect sizes was established by calculating Cohen’s d (d > 0.2, d > 0.5, or d > 0.8) to indicate
small, moderate, or large effects, respectively [29]. For
non-parametric comparison, the effect size was calculated through an r conversion of the z-score (r > 0.1, r >
0.3, or r > 0.5) to indicate small, moderate, or large effects, respectively [30].
The sample size needed for this study was calculating using GPower software, version 3.1.9.2

(Universität Düsseldorf, Germany). Considering a previous reported large effect size on maximal ROM
after treatment of latent MTrPs [17], seven participants were determined enough to reach a p-value of
< 0.05 and β of 0.20.

Results
Assessment through US-LTR scale

The qualitative analysis of intensities using the US-LTR
scale showed a significant difference between the consecutive three LTRs (p = 0.003) (Fig. 2A). The post-hoc
analysis showed that the third LTR was significantly
smaller than the first one (p = 0.008; r = 0.8, large effect),
but not between the first and second (p = 0.999; r = 0.3,
small effect), and second and third LTRs (p = 0.113; r =
0.56, large effect) (Fig. 2A).

Fig. 3 Agreement of qualitative ultrasonography scale of local twitch response (LTR) intensity (US-LTR). Hot map of US-LTR scale between expert
and novices (n = 42 L)
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The post-hoc analysis showed a significant difference
and large effect size for all comparisons (p < 0.001; d >
0.8) (Fig. 2C).
Agreement of US-LTR scale

Considering all LTRs recorded (42 in total), inter-rater
agreement of US-LTR scale (strong, medium, and weak
intensities) between the expert and the two novices was
substantial (kappa: 0.720–0.80, p < 0.001) (Fig. 3). The
agreement between the two novices was also substantial
(kappa: 0.64, p < 0.001) (Fig. 3).
US-LTR scale and effects in maximal ROM

Following DNT, significant changes in the maximal
ROM for knee extension and dorsiflexion (p < 0.001)
(Fig. 4A; Table 1) were observed. A significant difference
in the ROM was observed between the strong and weakmedium intensities (ankle: p = 0.040 and knee: p = 0.043,
respectively) (Fig. 4B; Table 2B).

Fig. 4 The ultrasonography scale of local twitch response intensity
(US-LTR) and scale and effects in maximal range of motion (ROM).
a Pre-post maximal ROM (n = 14 legs). b Differences in the ROM
between the strong (n = 7 legs) and weak-medium (n = 7 legs)
intensities. Values are means and 95 % confidence intervals. *p < 0.05
and **p < 0.001

Assessment of LTR velocity

The LTR velocity showed a significant difference between the consecutive three LTRs (p = 0.013) (Fig. 2B).
The post-hoc analysis showed that the third LTR was
significantly smaller than the first one (p = 0.018; d =
0.79, moderate effect), but not between the first and second (p = 0.999; d = 0.11, small effect), and second and
third LTRs (p = 0.057; r = 0.76, moderate effect) (Fig. 2B).
The tracking of LTR velocity also showed a significant
difference between the three scales of the US-LTR scale
(i.e., strong, medium, and weak intensities) (p < 0.001).

Discussion
The aim of this report was to determine whether the
LTR intensity during DNT can be quantified through
visual inspection using a qualitative ultrasonography
scale of LTR intensity (US-LTR scale), as well as to assess the differences between the intensities of LTRs associated with changes in maximal joint ROM. The USLTR scale and automatic tracking of the deep aponeurosis (gold standard) showed a significant difference in
LTR intensity between the first and third LTR. Moreover, the findings of this study show good agreement
with the qualitative US-LTR scale between the expert in
ultrasound and novices. Furthermore, this study indicated that the intensities of LTRs (i.e., strong versus
weak-medium intensity) may involve different magnitudes of maximal ROM changes after DNT interventions. The present result supports the hypothesis that
the US-LTR scale is a valid tool to quantify the intensity
of LTR, and a greater LTR intensity implies a greater
maximal ROM after DNT.
The US-LTR scale was sensitive enough to identify a
decrease in intensity between the first and third LTR.
The decrease in LTR intensities observed in this study
agrees with a recent study where the LTR intensities
were assessed with surface electromyography during the

Table 1 Pre-post maximal ROM
ROM

Pre dry needling

Post dry needling

Mean difference

p-value

Effect size (d)

Dorsiflexion

27.2 [24.5 to 30.0]

33.0 [ 30.4 to 35.6]

5.8 [4.0 to 7.6]

< 0.001 **

1.7 (large)

Knee extension

-26.5 [-33.1 to -20]

-14.1 [-18.4 to -9.7]

12.4 [ 9.0 to 15.9]

< 0.001 **

2.1 (large)

Values are expressed in degrees. Pre dry needling (n = 14 legs) and post dry needling (n = 14 legs). Values are means and 95 % confidence intervals. Maximal
range of motion (ROM)
** p < 0.001.Cohen’s d (d)

Cruz-Montecinos et al. BMC Musculoskeletal Disorders

(2021) 22:790

Page 7 of 9

Table 2 Differences in the ROM between LTR intensities
ROM

Week-medium

Strong

Mean difference

p-value

Dorsiflexion

4.3 [2.3 to 6.3]

7.7 [ 4.7 to 10.8]

3.4 [0.19 to 6.7]

0.040 *

Effect size (d)
1.2 (large)

Knee extension

9.3 [5.6 to 13.0]

15.6 [9.9 to 21.2]

6.3 [ 0.2 to 12.3]

0.043*

1.1 (large)

Values are expressed in degrees. Week-medium (legs = 7) and strong (legs = 7). Values are means and 95 % confidence intervals. Maximal range of motion (ROM)
*p < 0.05. Cohen’s d (d)

application of DNT over latent MTrPs in the medial
gastrocnemius [3]. The decreased in LTR intensities during the DNT observed in our study may be explained by
electrophysiological mechanisms [3, 5]. In latent MTrPs,
muscle spindle afferents may be involved in the pathophysiology of MTrPs [15]. The mechanical stimulus of
DNT and the associated LTRs may modulate the excitation of muscle afferents to spinal cord motor-neurons
[3, 5, 12]. Likewise, the relaxation of MTrPs could be
progressive and linked to LTRs, which would explain the
highest intensity occurring for the first LTR and a decreased intensity in the third LTR.
We observed a significant difference in the maximal
joint ROM between the strong and weak-medium intensities. Improved joint flexibility following DNT has been
previously reported [1, 2], showing a greater impact on
flexibility than a placebo [36]. The observed changes in
joint flexibility could be associated with a relaxation of
the MTrPs. The LTR has been associated with inhibitory
factors in spontaneous electrical activity during DN [5],
as well with decreased muscle stiffness [1, 2]. The remote effect of DNT observed in this study could be explained by H-reflex modulation and myofascial
continuity between the gastrocnemius and hamstring, as
has been observed in in vivo models [7, 44]. The qualitative assessment of the intensity of LTRs using the USLTR scale can be used to predict the changes in ROM
after DNT, providing the possibility of incorporating a
more specific dose-response strategy in DNT protocols.
Regarding the clinical implications of these results,
ultrasound imaging technology is currently increasing in
use among health professionals to assess muscle function and puncture guidance [11, 39]. Because the LTR
during the deep DNT may be evoked with different intensities, it is unknown whether the magnitude of LTR
intensity is associated with optimal clinical results. The
US-LTR scale is a potential tool to evaluate the LTR intensities in real-time during DNT interventions. Also,
the LTR intensity is not usually reported in DNT protocols and both the number of LTRs and their intensities
need to be reported in future studies.
This study has several limitations. First, the joint
torque and electromyography were not assessed. Therefore, it is unclear the time related of LTR with proprioceptive afferents reflex and the motor unit activity of the
investigated muscles. Second, the effect of DNT on maximal ROM was not counteracted with a placebo group

(i.e., sham dry needling) [8], which should be considered
in future studies. Third, we only measured healthy mean,
so these results cannot be extrapolated to females. For
this, future studies are needed to investigate gender differences in LTR intensity and its effect on the maximal
ROM. Fourth, the US-LTR scale was validated in a pennate muscle. Future studies are needed in parallel muscles (e.g., fusiform). For this, the change in muscle
thickness might be the outcome of the qualitative scale.
Fifth, the approach used to assess LTR velocities assume
a two-dimensional behavior of LTR when threedimensional shape changes emerge from muscle contraction [9, 33]. Sixth, the LTRs were recorded at 30 Hz.
A faster recording (i.e., ultrafast ultrasound, with >
1000 Hz) may improve the accuracy of the assessment
of LTR velocity [20, 37].
Finally, future randomized clinical trials should investigate the clinical implications of LTR intensities during
the dry-needling intervention in musculoskeletal and
neurological diseases.

Conclusions
The present findings suggest that the LTR intensity can
be assessed using a qualitative US-LTR scale, and a
greater LTR intensity implies a greater ROM post dry
needling intervention. This study reports a novel qualitative method for LTR analysis with potential applications
in research and clinical settings. However, further research is needed to achieve a broader application.
Acknowledgements
The authors would like to thank the Programa de Anatomía y Biología del
Desarrollo, Faculty of Medicine, University of Chile, Santiago, Chile. MC is
funded by the National Agency for Research and Development (ANID)
projects ICN09_015 FONDECYT 1211988, and PIA ACT192015.
Authors' contributions
C C-M participated in the conception and design of the study, in the data
collection, analysis, and interpretation of data and helped to draft the manuscript. M C participated in conception, analysis, and interpretation of data
and drafted the manuscript. P B participated in analysis, and data collection
and drafted the manuscript. A C-V participated in the conception and design
of the study, analysis, and interpretation of data and helped to draft the
manuscript. S F, CT, RNC and RLG analysis, interpretation of data and drafted
the manuscript. All authors read and approved the final manuscript.
Funding
Not applicable.
Availability of data and materials
The datasets analyzed during the current study are available from the
corresponding author on reasonable request.

Cruz-Montecinos et al. BMC Musculoskeletal Disorders

(2021) 22:790

Declarations
Ethics approval and consent to participate
Ethical approval was obtained from the Ethics Committee of the Northern
Metropolitan Health Service of Santiago, Chile. Written informed consent was
obtained from all living participants.
Consent for publication
Not applicable.
Competing interests
The authors state that no conflicts of interest have been reported by the
authors or by any individual in control of the content of this article. This
information has not been presented previously.

Page 8 of 9

11

12

13

14

15
Author details
1
Department of Physical Therapy, Faculty of Medicine, University of Chile,
Santiago, Chile. 2Laboratory of Biomechanics and Kinesiology, San José
Hospital, Santiago, Chile. 3Integrative Biology Program, Institute of Biomedical
Sciences, Faculty of Medicine, Universidad de Chile, Santiago, Chile. 4Center
for Medical Informatics and Telemedicine, Faculty of Medicine, Universidad
de Chile, Santiago, Chile. 5Biomedical Neuroscience Institute, Santiago, Chile.
6
Neuromuscular Research Lab, CIPER, Faculty of Human Kinetics, University of
Lisbon, Lisbon, Portugal. 7Departamento de Fisioterapia, Andalucía Tech,
Catedra de Fisioterapia y Discapacidad, Instituto de Investigación Biomedica
de Málaga (IBIMA), Clinimetria (F-14), Universidad de Málaga, Málaga, Spain.
8
School of Clinical Science, Faculty of Health at Queensland University
Technology, QLD, Brisbane, Australia.

16
17

18

Received: 20 April 2021 Accepted: 7 August 2021

19

References
1
Albin SR, Koppenhaver SL, MacDonald CW, Capoccia S, Ngo D, Phippen S,
Pineda R, Wendlandt A, Hoffman LR. The effect of dry needling on
gastrocnemius muscle stiffness and strength in participants with latent
trigger points. J Electromyogr Kinesiol. 2020;55:102479. https://doi.org/10.1
016/j.jelekin.2020.102479.
2
Ansari NN, Alaei P, Naghdi S, Fakhari Z, Komesh S, Dommerholt J.
Immediate effects of dry needling as a novel strategy for hamstring
flexibility: a single-blinded clinical pilot study. J Sport Rehabil. 2020;29:156–
61. https://doi.org/10.1123/JSR.2018-0013.
3
Baraja-Vegas L, Martín-Rodríguez S, Piqueras-Sanchiz F, Martín-Ruiz J, Yeste
Fabregat M, Florencio LL, Fernández-de-Las-Peñas C. Electromyographic
activity evolution of local twitch responses during dry needling of latent
trigger points in the gastrocnemius muscle: a cross-sectional study. Pain
Med. 2020;21:1224–9. https://doi.org/10.1093/pm/pnz182.
4
Casey E, Hameed F, Dhaher YY. The muscle stretch reflex throughout the
menstrual cycle. Med Sci Sports Exerc. 2014;46:600–9. https://doi.org/10.124
9/MSS.0000000000000134.
5
Chen JT, Chung KC, Hou CR, Kuan TS, Chen SM, Hong CZ, Chen T. Inhibitory
effect of dry needling on the spontaneous electrical activity recorded from
myofascial trigger spots of rabbit skeletal muscle. Am J Phys Med Rehabil.
2001;80(10):729-35.
6
Chiarotto A, Clijsen R, Fernandez-De-Las-Penas C, Barbero M. Prevalence of
myofascial trigger points in spinal disorders: a systematic review and metaanalysis. Arch Phys Med Rehabil. 2016;97:316–37.
7
Cruz-Montecinos C, González Blanche A, López Sánchez D, Cerda M,
Sanzana-Cuche R, Cuesta-Vargas A. In vivo relationship between pelvis
motion and deep fascia displacement of the medial gastrocnemius:
anatomical and functional implications. J Anat. 2015;227:665–72. https://doi.
org/10.1111/joa.12370.
8
Cushman DM, Holman A, Skinner L, Cummings K, Haight P, Teramoto M.
Validity of a Sham dry needling technique on a healthy population. Int J
Sports Phys Ther. 2021;16:49.
9
Dick TJM, Wakeling JM. Geometric models to explore mechanisms of
dynamic shape change in skeletal muscle. R Soc Open Sci. 2018;5:172371.
10 Edgar D, Finlay V, Wu A, Wood F. Goniometry and linear assessments to
monitor movement outcomes: are they reliable tools in burn survivors?
Burns. 2009;35:58–62. https://doi.org/10.1016/j.burns.2008.06.010.

20

21
22

23

24

25

26
27

28

29
30

31

32

Ellis R, Helsby J, Naus J, Bassett S, Fernández-de-Las-Peñas C, Carnero SF,
Hides J, O’sullivan C, Teyhen D, Stokes M. Exploring the use of ultrasound
imaging by physiotherapists: an international survey. Musculoskelet Sci
Pract. 2020;49:102213.
Fernández-Carnero J, Ge H-Y, Kimura Y, Fernández-de-Las-Peñas C, ArendtNielsen L. Increased spontaneous electrical activity at a latent myofascial
trigger point after nociceptive stimulation of another latent trigger point.
Clin J Pain. 2010;26:138–43. https://doi.org/10.1097/AJP.0b013e3181bad736.
Gattie E, Cleland JA, Snodgrass S. The effectiveness of trigger point dry
needling for musculoskeletal conditions by physical therapists: a systematic
review and meta-analysis. J Orthop Sports Phys Ther. 2017;47:133–49.
https://doi.org/10.2519/jospt.2017.7096.
Gattie E, Cleland JA, Snodgrass S. A survey of American physical therapists’
current practice of dry needling: practice patterns and adverse events.
Musculoskelet Sci Pract. 2020;50:102255.
Ge H-Y, Serrao M, Andersen OK, Graven-Nielsen T, Arendt-Nielsen L.
Increased H-reflex response induced by intramuscular electrical stimulation
of latent myofascial trigger points. Acupunct Med. 2009;27:150–4. https://
doi.org/10.1136/aim.2009.001099.
Ge H-Y, Arendt-Nielsen L. Latent myofascial trigger points. Curr Pain
Headache Rep. 2011;15:386–92. https://doi.org/10.1007/s11916-011-0210-6.
Grieve R, Cranston A, Henderson A, John R, Malone G, Mayall C. The
immediate effect of triceps surae myofascial trigger point therapy on
restricted active ankle joint dorsiflexion in recreational runners: a crossover
randomised controlled trial. J Bodyw Mov Ther. 2013;17:453–61. https://doi.
org/10.1016/j.jbmt.2013.02.001.
Grieve R, Barnett S, Coghill N, Cramp F. The prevalence of latent myofascial
trigger points and diagnostic criteria of the triceps surae and upper
trapezius: a cross sectional study. Physiotherapy. 2013;99:278–84. https://doi.
org/10.1016/j.physio.2013.04.002.
Hamid MSA, Ali MRM, Yusof A. Interrater and Intrarater Reliability of the
Active Knee Extension (AKE) test among healthy adults. J Phys Ther Sci.
2013;25:957–61. https://doi.org/10.1589/jpts.25.957.
Hauraix H, Fouré A, Dorel S, Cornu C, Nordez A. Muscle and tendon stiffness
assessment using the alpha method and ultrafast ultrasound. Eur J Appl
Physiol. 2015;115:1393–400.
Hong C-Z. Persistence of local twitch response with loss of conduction to
and from the spinal cord. Arch Phys Med Rehabil. 1994;75:12–6.
Konor MM, Morton S, Eckerson JM, Grindstaff TL. Reliability of three
measures of ankle dorsiflexion range of motion. Int J Sports Phys Ther. 2012;
7:279–87.
Li Q, Ni D, Yi W, Chen S, Wang T, Chen X. Use of optical flow to estimate
continuous changes in muscle thickness from ultrasound image sequences.
Ultrasound Med Biol. 2013;39:2194–201. https://doi.org/10.1016/j.ultra
smedbio.2013.06.009.
Magnusson SP, Aagaard P, Dyhre-Poulsen P, Kjaer M. Load-displacement
properties of the human triceps surae aponeurosis in vivo. J Physiol. 2001;
531:277–88. https://doi.org/10.1111/j.1469-7793.2001.0277j.x.
Marshall PWM, Siegler JC. Lower hamstring extensibility in men compared to
women is explained by differences in stretch tolerance. BMC Musculoskelet
Disord. 2014;15:223. https://doi.org/10.1186/1471-2474-15-223.
McHugh ML. Interrater reliability: the kappa statistic. Biochem Med. 2012;22:276–82.
Neto T, Jacobsohn L, Carita A.I, Oliveira R. Reliability of the active-kneeextension and straight-leg-raise tests in subjects with flexibility deficits. J
Sport Rehabil. 2015;24. https://doi.org/10.1123/jsr.2014-0220
Núñez-Cortés R, Cruz-Montecinos C, Latorre-García R, Pérez-Alenda S, TorresCastro R. Effectiveness of dry needling in the management of spasticity in
patients post stroke. J Stroke Cerebrovasc Dis. 2020;29. https://doi.org/10.1
016/j.jstrokecerebrovasdis.2020.105236
Page P. Beyond statistical significance: clinical interpretation of rehabilitation
research literature. Int J Sports Phys Ther. 2014;9:726–36.
Pautz N, Olivier B, Steyn F. The use of parametric effect sizes in single study
musculoskeletal physiotherapy research: a practical primer. Phys Ther Sport
Off J Assoc Chart Physiother Sport Med. 2018;32:87–97. https://doi.org/10.1
016/j.ptsp.2018.05.002.
Perreault T, Dunning J, Butts R. The local twitch response during trigger
point dry needling: is it necessary for successful outcomes? J Bodyw Mov
Ther. 2017;21:940–7. https://doi.org/10.1016/j.jbmt.2017.03.008.
Powden CJ, Hoch JM, Hoch MC. Reliability and minimal detectable change
of the weight-bearing lunge test: a systematic review. Man Ther. 2015;20:
524–32. https://doi.org/10.1016/j.math.2015.01.004.

Cruz-Montecinos et al. BMC Musculoskeletal Disorders

33

34

35

36

37

38

39

40

41

42

43
44

45

46

(2021) 22:790

Raiteri BJ, Cresswell AG, Lichtwark GA. Three-dimensional geometrical
changes of the human tibialis anterior muscle and its central aponeurosis
measured with three-dimensional ultrasound during isometric contractions.
PeerJ. 2016;4:e2260.
Rha D, Shin JC, Kim Y-K, Jung JH, Kim YU, Lee SC. Detecting local twitch
responses of myofascial trigger points in the lower-back muscles using
ultrasonography. Arch Phys Med Rehabil. 2011;92:1576-1580.e1. https://doi.
org/10.1016/j.apmr.2011.05.005.
Roach S, Sorenson E, Headley B, San Juan JG. Prevalence of myofascial
trigger points in the hip in patellofemoral pain. Arch Phys Med Rehabil.
2013;94:522–6.
Rodríguez-Mansilla J, González-Sánchez B, De Toro García Á, Valera-Donoso
E, Garrido-Ardila EM, Jiménez-Palomares M, González López-Arza MV.
Effectiveness of dry needling on reducing pain intensity in patients with
myofascial pain syndrome: a Meta-analysis. J Tradit Chinese Med. 2016;36:1–
13. https://doi.org/10.1016/s0254-6272(16)30001-2.
Rohlén R, Stålberg E, Grönlund C. Identification of single motor units in
skeletal muscle under low force isometric voluntary contractions using
ultrafast ultrasound. Sci Rep. 2020;10:1–11.
Russell JA, Shave RM, Kruse DW, Nevill AM, Koutedakis Y, Wyon MA. Is
goniometry suitable for measuring ankle range of motion in female ballet
dancers? An initial comparison with radiographic measurement. Foot Ankle
Spec. 2011;4:151–6. https://doi.org/10.1177/1938640010397343.
Sikdar S, Wei Q, Cortes N. Dynamic ultrasound imaging applications to
quantify musculoskeletal function. Exerc Sport Sci Rev. 2014;42:126–35.
https://doi.org/10.1249/JES.0000000000000015.
Simons DG, Dexter JR. Comparison of local twitch responses elicited by
palpitation and needling of myofascial trigger points. J Musculoskelet Pain.
1995;3:49–61.
Smith MD, Lee D, Russell T, Matthews M, MacDonald D, Vicenzino B. How
much does the Talocrural joint contribute to ankle dorsiflexion range of
motion during the weight-bearing lunge test? A cross-sectional
radiographic validity study. J Orthop Sports Phys Ther. 2019;49:934–41.
https://doi.org/10.2519/jospt.2019.8697.
Tekin L, Akarsu S, Durmuş O, Cakar E, Dinçer U, Kıralp MZ. The effect of dry
needling in the treatment of myofascial pain syndrome: a randomized
double-blinded placebo-controlled trial. Clin Rheumatol. 2013;32:309–15.
https://doi.org/10.1007/s10067-012-2112-3.
Travell JG, Simons DG. Myofascial pain and dysfunction. The triggerpoint
manual. Baltimore: Williams and Wilkins. 1982;73(2):66, 68-70, 73 passim.
Wilke J, Debelle H, Tenberg S, Dilley A, Maganaris C. Ankle motion is
associated with soft tissue displacement in the dorsal thigh: an in vivo
investigation suggesting myofascial force transmission across the knee joint.
Front Physiol. 2020;11:180. https://doi.org/10.3389/fphys.2020.00180.
Youdas JW, Krause DA, Hollman JH, Harmsen WS, Laskowski E. The influence of
gender and age on hamstring muscle length in healthy adults. J Orthop
Sports Phys Ther. 2005;35:246–52. https://doi.org/10.2519/jospt.2005.35.4.246.
Zuil-Escobar JC, Martínez-Cepa CB, Martín-Urrialde JA, Gómez-Conesa A. The
prevalence of latent trigger points in lower limb muscles in asymptomatic
subjects. PM R. 2016;8:1055–64. https://doi.org/10.1016/j.pmrj.2016.03.005.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

